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Conjugate comprising a folic acid antagonist: 
and a carrier 

The invention relates to a conjugate comprising a folic acid 
antagonist and a carrier, a method for the production of 
such a conjugate as well as it use. 

Folic acid is a compound present in nature which is 
important in cells for methyl group transfer and thus for 
the growth of cells. Folic acid has the following formula: 



OH 



_Ki (V \V M 1^ 



, >|— C-N— f V- C-N— CH 



H2N" ^N" 



CH2 
COOH 



pteridlne ring system p*aniinoben2oic acid glutamic acid 
< p.^ ^ 

The CH group of the glutamic acid represents an asymmetric C 
atom. Therefore, folic acid exists in two enantiomeric 
forms, namely as D- and L-enantiomers . 

However, only the L-enantiomer from these enantiomeric forms 
is found in cells, so that only this form, but not the D- 
enantiomer, is responsible for the action of folic acid. 
The reason for this is that folic acid is taken up in cells 
by the folate receptor, which however only takes up the L- 
enantiomer, but not the D-enantiomer , of folic acid. 

Folic acid antagonists are compounds which are derivatized 
from folic acid but counteract the latter at its target 
area, namely in cells. Therefore, folic acid antagonists 
are present as L-enantiomers, but not as D-enantiomers. 
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Examples of folic acid antagonists are atninopterin aoid 
atnethopterin which is also designated as methotrexate. 

Methotrexate, i.e. the L-enantiomer of amethopterin, is 
frequently employed for the treatment of tumors and 
inflammations. However, major side-effects have been 

demonstrated for this because methotrexate is also taken up 
by healthy tissue and is toxic for it. DE-A-41 22 210.5 
alone describes conjugates o£ methotrexate and albumin which 
are taken up better by tumors than by healthy tissue and are 
thus less toxic. Nevertheless, a great need exists for 
agents which have even weaker side-effects. 

Therefore, the object of the present invention is to provide 
an agent for the treatment of diseased tissues, especially 
tumors, which has the weakest side-effects. 

This is attained according to the invention by the subject 
matter of the claims. 

Thus, subject matter of the present invention is a conjugate 
which comprises the D-enamtiomer of a folic acid antagonist 
and a carrier. 

The present invention is based on the applicant's insights 
that the D-enantiomer of a folic acid antagonist in a 
conjugate having a carrier is preferably taken up by 
diseased tissues, especially tumor cells, and displays an 
effect against the disease in them. Furthermore, the 
applicant recognized that the D-enantiomer of a folic acid 
antagonist alone, i.e. not present in a conjugate according 
to the invention, has no side-effects on healthy tissue. 

The term 'conjugate' indicates that the folic acid 
auitagonist and the carrier are covalently bound, for example 
through amide and/or ester bonds and/or via a linker. 



CA 02289448 1999-11-09 



3 



The term • D-enantiomer of a folic acid antagonist' comprises 
compounds of any sort which are derived from folic acid, 
function as an antagonist of folic acid and are present as a 
D-enantiomer. As components, the D-enantiomer of a folic 
acid antagonist comprises pteridine, especially pterine, p- 
aminobenzoic acid and a D-amino acid, especially D-glutamic 
acid, which are chemically altered, i.e. modified, with 
respect to the components in folic acid. Such alterations 
are, for example, substitutions such as the substitution of 
H atoms by Ci-C^ alkyl groups, especially methyl group, 
halogen atoms such as F, CI, Br, I, OH- suid NH^-groups, the 
substitution of OH-groups by the above alkyl groups, NH^- 
groups, H- and halogen atoms as well as the substitution of 
NH^-groups by the above alkyl groups, OH-groups, H- and 
halogen atoms. Furthermore, one or both of the acid groups 
of the glutamic acid can be present as an acid derivative, 
for example « as an ester or amide. One or more of the above 
alterations can be present in a folic acid antagonist used 
according to the invention. 

Preferably, the folic acid antagonists D-amethopterine 
(designated in the following as D-methotrexate) 




NH2 



(2) 



D - aminop t e r ine 
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COCWH 



and D-ert-FMTX (a methotrexate analogfue in which the 
glutamic acid (Glu) is replaced by D-erythro, threo-4- 
f luoro-Glu) . 

One or more of the folic acid antagonists can be present in 
the conjugate according to the invention. If several are 
prQBent, then these can be the same ox different from each 
other . 

The terra 'carrier' comprises compounds of any sort which are 
suitable for accumulating the conjugate in a diseased 
tissue, for example, tumor or inflammation focus. Examples 
of such carriers are proteins which are not considered as 
foreign to the body and polyether. 

The proteins are preferably present in native form. In the 
native form, the proteins do not have any inter- and/or 
intramolecular cross- linking. Favorably, the proteins have 
a molecular weight of up to 100^000 Dalton, especially 
30,000 to 100,000 Dalton. Furthermore, it is favorable when 
the proteins are human proteins. Examples of the proteins 
are albumin, fibrinogen, transferrin, immunoglobulins and 
lipoproteins, human albumin beingr preferred. Fragments of 
the above proteins can also be used. Furthermore, the 
sequence of the proteins and/or fragments thereof can have 
alterations of one or more amino acids in comparison with 
the known sequence of the proteins and/or fragments thereof. 



CA 02289448 1999-11-09 



5 



Examples of the polyethers are polyethylene glycols, 
especially those with a molecular weight from 100 to 20,000 
Dalton. Preferably, the polyethylene glycols are esterified 
or etherified on the terminal hydroxyl group with a Ci-C„ 
alkyl group, especially with a methyl group. 

A conjugate according to the invention can have one or more, 
especially two, of the above carriers. If several carriers 
are present, these can be the same or different from each 
other. If several polyethers are present, they will 
favorably be selected in such a manner that the molecular 
weight of all polyethers amounts to about 20,000 Daltons or 
more . 

In the conjugate according to the invention, the folic acid 
antagonist can be directly covalently bound with the carrier 
or bound via a linker, i.e. a linker is present between 
carrier and folic acid antagonist. All compounds are 
suitable as a linker which can bond the folic acid 
antagonist and carrier. 

Preferably, the linker can be cleaved in a cell. The term 
*cell' comprises individual cells and cell aggregates. 
Examples of the former are endogenous cells not present in 
an aggregate. Cell aggregates comprise tissues, organs and 
tumors . 

A linker of the above type is known to the skilled person. 
He also knows factors, for example, enzymes which cause the 
cleavage of certain chemical bonds in cells. Thus, he is 
able . to construct linkers which can be cleaved in a cell. 
Particularly preferred, such a linker comprises an azo 
group. It is particularly favorable when the linker has the 
following structure ; 

-Y-R-N-N- 

wherein 
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R is an organic group^ preferably an aromatic, and 
particularly preferably phenylene or a derivative thereof, 
and Y is selected from a group of C(0), SCO),, P(0)OH and 
As(0)OH. 

The above structure of a preferred linker corresponds to 
that which the linker has in a conjugate according to the 
invention- Furthermore, the structure comprises, at least 
when R is phenylene or a derivative thereof, an active 
compound which is particularly suitable for the therapy of 
tumoral, inflammatory and autoimmune diseases. The compound 
can display its full effect after the cleavage of the linker 
and the optional degradation of the protein still bound to 
the linker. 

Conjugates according to the invention can be produced by 
covalently bonding the folic acid antagonist with the 
carrier and optionally the linker. Suitable methods as well 
as the necessary materials for this are known to the skilled 
person. 

When the folic acid antagonist has at least one carboxyl 
group, for example those present through the glutamic acid, 
the conjugates can be produced by converting the folic acid 
antagonist with carbodlimide and hydroxysuccinimide into 
reactive succinimidyl esters and reacting these with the 
carrier. In the case of conjugates with several folic acid 
antagonists, the production of the succinimidyl esters can 
occur jointly or separately. 

The conversion of the folic acid antagonist with 
carbodiimide and hydroxysuccinimide occurs in a polar 
aprotic solvent, preferably dimethylf ormamide (DMF) . The 
mole-ratio of folic acid antagonist : carbodiimide : 
hydroxysuccinimide amo\ints to about 1 : 1.5 : 10. The 
succinimidyl ester formed is then reacted with the carrier 
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such as albumin in an aqueous buffer solution, preferably 
NaHCO, . The carrier concentration amounts to about 10 to 70 
mg/ml. The carboxyl group activated in this manner can then 
react with OH- and NH-groups of the carrier thereby forming 
acid amide or acid ester bonds, conjugates according to the 
invention being obtained. The conjugates can be purified 
several times, for example by ultrafiltration, and can be 
finally sterile filtered whereby they are ready for 
application. 

Conjugates according to the invention are distinguished by 
the fact that they remain in the circulation of the patient 
over a long time« Furthermore, they accumulate in diseased 
tissues, especially tumors and inflammation foci. Moreover, 
they are distinguished by the fact that they have even 
weaker side-effects than conjugates with L-folic acid 
antagonists as known from DE-A-41 22 210.5, their action 
against diseased tissue, especially tumors and inflammation 
foci, being maintained. 

Therefore, conjugates according to the invention are 
perfectly suited for the treatment of tumors such as 
hematological and solid tumors, inflammations, for example 
diseases of the rheumatic form such as chronic polyarthritis 
or psoriasis, cuid autoimmune diseases. 

The present invention is illustrated by the Examples. 

Example 1: Production of a conjugate according to the 
invention of D-methotrexate and humaui serum 
albumin 

D-methotrexate (D-MTX) was dissolved in DMF at a 
concentration of 20 mg/ml. 1.5 times the molar amount of 
di*cyclohexylcarbodiimide and about 10 times the molar 
amoiint of hydroxysuccinimide were added to the clear yellow 
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solution. After a reaction time of about 12 hours ^ the 
conversion into the succinimidyl ester (D^MTX-HSIE) is 
concluded and is recognizable by the precipitated amount of 
di-cyclohexylurea (DCU) . The analytic control of the 
reaction was carried out by means of TLC. 

plates; silica gel 60 with fluorescence indicator, 
running agent: ethyl acetate/MeOH: 75/25, 
values : D-MTX 0 . 0 

D-MTX-HSIE 0-35-0.38 

The clear yellow solution of D-MTX-HSIE in DMF was added 
slowly with constant stirring to the protein solution (50-70 
mg human serum albumin in 0.17 M NaHCOj, pH 8.5)^ a cloud 
consisting of non-reacted di-cyclohexylcarbodiimide and DCU 
still dissolved in DMF forming after some time. After a 
reaction time of at least 30 minutes, the cloud was 
separated through a sterile filter (0.22 ^ra) and the DMF was 
separated by ultrafiltration with appropriate membrane 
filter {YM30; Amicon) . 

The purity control was conducted by means of HPLC: 
pre- column: 50 x 4 mm Zorbax Diol 

columns: 1st Zorbax GF 450 

2nd Zorbax GF 250 
running agent: 0.2 M phosphate buffer, pH 7.4 

flow: 1.0 ml/rain 

pressure: about 65 bar 

A conjugate according to the invention of D- methotrexate and 
human serum albumin was obtained. 

Example 2: Comparison between the toxicity of a conjugate 
according to the invention of D-methotrexate and 
human serum albumin and a conjugate of 
. methotrexate and human serum albumin 
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For this experiment, the conjugate according to the 
invention of D-methotrexate and human serum albumin (D-MTX- 
HSA) from Example 1 was used. Furthermore, the conjugate of 
methotrexate and human serum albumin (I4TX-HSA) known from 
D£-A~41 22 210.5 was employed. 

Bach of 5 healthy Sprague-Dawley rats received D-MTX^HSA or 
MTX-HSA. In each case, 4 mg conjugate (based on the amount 
of MTX or D-MTX of the conjugate) per kg body weight was 
injected at a 2 -day inteirval. 

The results are presented in Table 1. 



Table 1: The results of the determination of the toxicity of 
MTX-HSA and D-MTX-HSA after the 3rd day 





dose/kg 


MI 


DI 


SC 


WL 


death 


MTX-HSA 


2 X 4 mg 


5 


5 


5 


5 


5 


D-MTX-HSA 


2 X 4 mg 


0 


0 


0 


0 


0 



abbreviations: MI: mucus membrane inflammation; DI: 
diarrhea; SC: shaggy coat; WL: weight loss 



As emerges from Table 1, the rats already suffered from 
strong side-effects from the 3rd day with administration of 
MTX-HSA. On the 4th day, 2 rats were found dead in their 
cage. The other 3 rate had to be euthanized because they 
suffered from very strong side-effects. In contrast to 
this, no rat which was treated with the conjugate D-MTX-HSA 
according to the invention had side-effects. 

Thus, conjugates according to the invention have weak side- 
effects. 

Example 3 : Tumor therapy with a conjugate according to the 
invention of D- methotrexate and human serum 
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albumin in comparison with a conjugate of 
methotrexate and human serum albumin 

For this experiment, the conjugates given in Example 2 were 
used. Walker-256 carcinosarcoraa-carrying rats were employed 
as experimental animals. The beginning of therapy was on 
the 6th day after tumor trsuisplantation with tumor volumes 
of between 1,000 and 2,500 mm^ (tumor diameter 1 x 1 to l x 2 
cm) , Five rats received MTX-HSA (3 injections at 2 -day 
intervals with a dose of 2 mg MTX-HSA (based on the amount 
of MTX) per kg of body weight) . The conjugate according to 
the invention D-MTX-HSA was administered with the double 
dose according to the above protocol. With this dose, 
considereQ^le side-effects already appeared with MTX-HSA, 
however, not with conjugate D-MTX-HSA according to the 
invention (compare Example 2) . 

The results are presented in Ta^Dle 2. 

Table 2: Results of the tumor therapy with the conjugate 
MTX-HSA and the conjugate according to the 
invention D-MTX-HSA 





dose/kg 


remission 


relapse 


SB 


death 


MTX-HSA 


3 X 2 mg 


3 


2 


3 


2 


D-MTX-HSA 


3 X 4 mg 


S 


0 


0 


0 



abbreviations: SE: side-effects; death: death by tumor 
relapse 



The results in Table 2 show that the tumor regressed in 3 
rats (remission) in the MTX-HSA group. In this group, 2 
rats suffered a relapse and had to be euthanized. In 3 
rats, side -effects appeared. As opposed to this, it was 
shown that in rats which were treated with the conjugate D- 
MTX-HSA according to the invention, all animals were cured 
of the tumor and no side-effects were observable thereby 
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although the doxible dose was used in comparison with MTX- 
HSA. 

Thus, conjugates according to the invention have the weakest 
side-effects^ so that an excellent tumor therapy can be 
attained with these conjugates* 
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Claims : 

1. Conjugate comprising a D-enantiomer of a folic acid 
antagonist and a carxier. 

2. Conjugate according to claim 1, characterized in that 
the folic acid antagonist comprises one or more derivatives 
of pteridine, p-aminobenzoic acid and a D-amino acid. 

3. Conjugate according to claim 2, characterized in that 
the D-amino acid is glutamic acid* 

4. Conjugate according to claim 3, characterized in that 
the folic acid antagonist is D^amethopterine or D- 
aminopterine , 

5. Conjugate according to any one of claims 1 to 4, 
characterized in that the conjugate has several folic acid 
antagonists . 

6. Conjugate according to any one of claims 1 to 5, 
characterized in that the carrier is a native protein which 
is not considered foreign to the body or a polyether, 

7. Conjugate according to claim 6, characterized in that 
the protein is serum albumin. 

8. Conjugate according to claim 6, characterized in that 
the polyether is polyethylene glycol. 

9. Conjugate according to any one of claims 1 to 8, 
characterized in that several carriers are present. 

10. Conjugate according to any one of claims 1 to 9, 
characterized in that a linker is present between folic acid 
antagonist and carrier. 
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11. Conjugate according to claim 10, characterized in that 
the linker can be cleaved in a cell. 

12. Conjugate according to claim 11, characterized in that 
the linker comprises an azo group. 

13. Method for the production of the conjugates according 
to any one of claims 1 to 12, characterized in that the 
folic acid antagonist, the carrier and optionally the linker 
are covalently bound. 

14. Use of the conjugates according to one of claims 1 to 
12 for the treatment of tumor diseases, inflammations and/or 
autoimmune diseases. 
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Abstract 



The invention relates to conjugates comprieing a D- 
eixantiomer of a folic acid antagonist and a carrier. 
Furthermore, the invention relates to the production of such 
conjugates as well as their use. 
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TI Effect cyclophosphamide and methotrexate on the field effect or 

unresponsiveness observed in the rat and mouse GvHR [ 

graft versus host; reaction] 
AU Levy, Louis 

CS Sch. Med., Univ. California, Los Angeles, CA, USA . ^ 

SO. Agents and Actions (1975), 5(3), 268-71 \, 

CODEN: AGACBH; ISSN: 0065-4299 
DT Journal / 
LA English . / 

"I For diagram (s), see printed GA Issue. 

AB The Field effect is the decreased biol . response to a 2nd challenge in the 
graft versus hostt reaction ( 

GvHR) . Treatment of recipient rats or mice during the initial 
GvHR by methotrexate [59-05-2] or cyclophosphamide (I) 

[50-18-0] effected the secondary unresponsiveness. Methotrexate and I 

demonstrated different temporal responses indicating different mechanisms 

of their immunosuppressive activities. 
TI Effect cyclophosphamide and methotrexate on the. field effect or 

unresponsiveness observed in the rat and mouse GvHR . [ 

graft versus host reaction] 
AB The Field effect is the decreased biol . response to a 2nd challenge in the 

graft versus host reaction ( 

GvHR) . Treatment of recipient rats or mice during the initial 
GvHR by methotrexate [59-05-2] or cyclophosphamide (I) 

[50-18-0] effected the secondary unresponsiveness. Methotrexate and I 
demonstrated different temporal responses indicating different mechanisms 
of their immunosuppressive activities. 
IT 50-18-0 59-05-2 

RL: BAC (Biological activity or effector, except adverse); BSU (Biological 
study, unclassified) ; THU (Therapeutic use) ; BIOL (Biological study) ; USES 
(Uses) 

(immunosuppressant activity of, host reaction in) 
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